This document was prepared in conjunction with work accomplished under Contract No.
AT(07-2)-1 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responshility for the accuracy,
completeness, or usefulness of any information, apparatus, product or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process or service by trade name, trademark, manufacturer, or otherwise does not necessarily congtitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

This report has been reproduced directly from the best avail able copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161, phone: (800)

553-6847, fax: (703)  605-6900, email: orders@ntisfedworld.gov  online  ordering:
http://www.ntis.gov/ordering.htm

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from: U.S.
Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN
37831-0062, phone: (865 ) 576-8401, fax: (865) 576-5728, email: reports@adonis.osti.gov



S T s
i pr T TIFREY

THTEODUST ION /

_.<»,\.A__>

In this paper the ENDF/B-IV evaluztion of the U-23"° cross cec-
discusced. The evaluation was undertaken
tecause the Data Testing Subcommittee of the Cross Section Evalua-
ticn Working Group (CSEWG) found ENDZ/3-IIT yielded rather disap-
pointing results feor thermal 3ystems. In both D,0 and H,0 moderated
lattices of natural or slightly enriched uranium rods, k-eff is

-

undarpredicted using Version IIT by 1.79. This underprediction has

A

Tnese thermal data testing resulitsz haves ralsed questions con-
cerning the IZNDI/3-IIT cross sections, since the calcula

A

zed in the analyslz of the venchmark expsriments generally have

C
L

peen considered adequate. A number of areas where the Version ITT
U-232 cross sections might be deficiznt have been proposed, e.g.,
the =sxistence of systematlc errors or spurious p-wave resonances

could give rise to excessive U-233 n=utron capture. These questions

-

and other details pertaining to the evaluation are deccribed in the

) . T8 . N Saq- 3 - o /- -
cwround cross sections.  Finally, the imoact of the new ERDT/3-IV
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2valuations on thermal lattice calculacions will Le discussed.
DI5CUSSION
Thermal Crozs 3ections (E > 1.0 V)
Mhae +hom ,1 ragd Ao A 3',~q1] A4t A anansg enarcdas b ’31 -
The tnermal reglon 'in the e 12ticon spans energies below 1 e,

=]

ne cross scections in this region are tabulated in File 3. Tha

1

or thz tnermal cross secitlons followed ths procedurss

_l

-jaevel Breit-Wigner Torpulaticn was used whilch incorporated

the first nine low energy s-wave resonances plus an appropriate
(@)

complement of bound levels.‘” The Version IV tnermal evaluaticn

differs from “WDF/B ITT in two wvespazts: First, the differential

canture cross sectlons were norralizad to 2.70 darns acv 0.07
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ratizer than 2.77 barns. Secondly, the hzrasl brzak-polnt was
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losered Trom 5 eV to 1 &V to aveld pessitlie problems in accounting
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tices. Thasy are, aowaver, Ln poorar agresmentc withh The measuraneios

T C. B. Biaghan, ev al.,( ) whici yizldedl a valur of 2.721 — 0.016

In addition, 1t was intendad that “he theirmal c¢rcss szctions
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The eplthermal cross sectlions batween 1 eV and 4 keV are de-
cribed in terms of single-level, Breit-Wigner, s- and p-wave

2

&

resonance parancters (File 2) and smoocth background cross sections
File 3). Table 1 lizts the measursments that were used in the

evaluation of the s-wave resonances.

One of the objectives of the presant evaluation was to minimi-ze
systematvlic differences as much a3 possible between the various ex-
reriments. Perhaps this could best be done by reanalyzing each of

the measurements on a resonance-by-resonance basls using the sane

neliysis technlque.( ) However, since this approach would have been

e

t

ime consuming for the present evaluation, a typs of regression

@]
ct

o)
analysis was used instead.

In the regression analysis approach, the neutron widths ara
Aornalized To a common basis.(g) Trie ez turenents of F. Rahn, ¢t

9 \
al.,( ) and those of G. Carraro and w. Kolar(12/ 2ach span the

full energy range 1 eV to 4 keV, and thus either could be used

as the basis for normalization. Ths Columbia University data(9)

was selected, however, because of the rather large strength func-
tions associated with the G. Carraro and W. Kolan data, particularly
at higher energies. Tne resonance energies and T, values of F.

Rahn, et al., provide an approvriate standard since they were ob-

tained from a self-consistent analysis of high resolution trans-

(O

n

(s

mission, self-indication and Moxoun-Rze capburs measurements for

- )

7 different U-230 sample thnicknesses.

(o8]

The regression analysis, of ccurss, does not account

Siooerrors witnin the Columbia nezcurem:nt 1tes10. A Tinal



norralization of the neutron widtns was planned to improve the
corsenant with measured valucs of ;¢3 (the ratio of ecpitharmal-
to-thermal U-230 neutron C&thLeb) for Denchmark lattlce experi-
1=nta, bubt this was droovpad wnen thsz rasulis were Tfound to de

coo insensitive
Below 1 kaV the
nstant C in the
Yi =

relation Xj

index N denotes the number of

regr

deno

the s-wave resonances and Y,

ion analysis

relation

1,2,

e, M.

the ratio Fn/EO deternined by F. Rann,
denotes the same ratio

1

of the other experiments in

s=-wave rescaances below 1 keV. A
was uzed to normalize tuz G. Carraro and W. Kolar

data Lo the F. Rahn, et al., data batwesn 1 and % keV. The values

of C termined from the regragsion analrsls are given in Table Z.
viaiuce of C greater than unity indicate measuremente having neutron
ridths which on the average are greatver than those of F. Rahn, et

27. Tne neutron widths of each of the experiments were therefore
multiplied by the reciprocal of C to remove the systematic differences.

ATter the neutron widths were normalized by the regres
analysis, the resonance paraueters were evaluated on a2 res

by-resonance basls to determine iy, T, T. .
id

na2utron

Zewave resonances

capture resonance

Tables 3, 4 and 5 give
widling,

below

slon
onance-

As vpart of the evalua-

v

integral and the peak capture

each o the various normalized experi-

the rcsonance energles,

and th2 cznture widitnhs for each orf

1 keV. The corvasnonding values for the



cavture resonance integral and the peax capt

ure and total cross
sections for each of these resonances arc listed in Tables 6, 7
and 8.% The appropriate formulas are

ar  Tnly

apture Integral: Iy = 75 ¢ TES?

2

e,

Peak Capture Cross Section: Og =a g DY

¥

Peak Tobal Cross Section: 080t&1 =

o
™

wnere the left-hand side of each of the eguations is in barns, energy
iz in eV, g 1is the statistical spin factor and

LA
2.6032 x 10°.

il

a

I'ne resonance parameters wnlch ylelded the most consistent values

Y .., . total
0 anc GO

Sozclal attention was gilven to maintaining the coupling between

2.

for I, o were selected for th=z ZHDF/3-IV evaluation.

H

T, and T, determined in the individual ex:zriments.
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Since the ORZLA capture mea:urements(
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ta2irms of resonance parameters, these measurements had to be factored

I

nto the evaluatlion by an indilrec

’

c mztnod. The mz2asurad cavture

prebabilities as a function of energy below 4 keV have been compared

®

4

to llonte Carlo calculationsz using ENDF/B-III data. A sampling is
given in Figure 1. These comparisons of the capture orobabilities
Logathzsr with the Verslon IIT resonance parameter information in

—

Tobles 3-2 provided the needed link to at laest qualitatively include

(

N

22 LnTerences of the CRELA wmeasuremenits.

T2 tables do not indicate thz resonance parameter: below 100 =V
baocause these parameters are uachangeld from Version ITI.
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Table 9 summarizes the evaluation of the s-wave resonances. 1t

Jersion III and Version IV evaluations. The in
dence intervals in Table 3 were calculated using the narrow reso-
nance approximation. The small differences vetwzen the Version III

and Version IV infinl dilution resonance integrals provably trans-

te to even smaller differences for =2ffective integrals with high

Before concluding the discussion of the s-wave resonance para-
meters, 1t should be noted that the sudthreshold fission widths
(T~) in ENDF/B-IV are incorrect. Under the assumption that Ty 1is
23 meV, the ENDF/B-IV compilation gives “lssion widths of 0.23
and 0.051 meV for the 720 and 1210 2V resonances respectively. But
in reference (5) these fission widths correspeond to class IT levels
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with radiation widths of 4.9 meV. Wnen the resonances are assighed

to the Tirst well of the double-humpz4d
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and Te is 1.2 and 0.12 meV for the T

The measurements used in the evaluation of the p-wave resonances
are listed in Table 10.

Table 11 gives a partial listing of the experimentally determined
neutron widths (multiplied by the statistical spin factor, g)* and
the resonance energies. The ENDF/3-IT1I p-wave paramsters were

(10) _ .

scentlally fitted to the data of G. de Saussure, 2t al., and

nence provide a measure of the neutron widths for that experiment.

*  Ths experiments cannot deternine z, which can equal either 1 or
2 dapending on the spin of the compound nucleus.



Althousn the exnarimznts themselves do not isolats the s- and
p-wave resonances, 1t is genzrally easy to distingulsn them because
tre p-wave levels ars typilcally much wezaxer. Ag indlecated in the

table, some experimenters have differad in the assignment of some
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s-wave resonances. With the exception of the resonance at 2863.3 eV,
the ENDF/B evaluation has used the statisiical analysis of F. Rahn,
et al.,(g) to distinguish weak levels as p or s. The 263.9 eV re-

conance must be p-wave to conserve parity since measured spectirz

Pa

for the resonance exhibit E1 radiative transitions to the 5/27

ground state of U-239.(18) )

In the evaluation below 1200 ¢V, a sudposed p-wave resonance of
3 Prgie o

an experiment was considered spurious, and

i

nov substantlated by anotner oflthe experiments considercd. Hewing .

FoTe e LR A

establishzd the existence of -3 Ab-wave reztnance, the neutron width
was deotermined by welghting the mesasured —wzlues according to their
reported experimental precision. The Version IV p~wave parameters

&

between 1.2 and 4 keV arz essentially the same as those in Version

<
®
chk
=
]

ITI, but with minor modifications to impros agrezment with the

ORELA capture cross ssction measurements.

™

The p-wave resonance parameter evaluation is sumuarized in Tabdle

12. Again, only snall differences are obzcrved between the Version

IIT and Veraion IV evaluations. The ENDF/3-IV strengtnh function of
h
1.23 % 10 is based on the p-wave rasonznta2s balow 500 eV. This

valuz, determined using a znanncl rajius ¢

n fuaction ovtalnza
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The background cross sections betwsea L eV oand ¢onaV walch wzat
inte File 3 will now be d=zceribed. A scattering cross secticn of
aoproximately 2.5 buras was added bevvzen 1 eV an? tns first vezonincs
L mroviie continulty across “hs bhres< nol 1 -3 LY TN A —a
CO provide Convinulty across thns bDreasn DOoLNY A L Ve L3 adals Lol
3~ - Rl v = 3 - L 3 ~ e T 4 Y o IR 1y . e a e e N Y
ic regulred because Tile 2 includes only the poslclve esnergy resonance
. ERE R I T B o N T N T o / P N R TP
it thneir associated intarfarence scatvtering tzrmoe. A similol
S
ey =y YA e o P ~ T A - - ] g N T3
spectrun of bound level rzsonances exists and 1s the origin of this
a3 A 2 o~y T ey mmy o [P | L - N - * Jecirm -
additional 2.5 varns contribution. CTapbturs cross sections betiwzzen
- e .- 32 . 5 - J e I . . s
1 and 100 2V were also addad to account for the bound level contridu-

-

In addition, bvackground cross secilons deowaen .58 and "0
xeV i2rce added Lo account Tor missed o-wave vesonances in the re-
s01ivad region. Thsse vackziround cross sortilons are comparsd wina
those La Version ITI in Table 12.
CCuoLUBSICH
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PIDF/3-1I1 and ZENDF/3-IV calculations of k-eff and p°- for 10
CSEWG thoermal benchmark experiments are given in Tables 11 and 15.

The fiva unreflected spheres ol uranyl nitrate sclution conlain

8 J
~ il -~ - . - - 1 - -+ . *

93 wt ¢ U-235 and serve as a test of the d-0 and U-235 cross sections.
Tnz relatively good prediction of criticality for the spheres, parvi-

cularly for Version IV, indicates that there are no severe problems
withn the h?O and U-235 cross sections in thermal systems.

Tha two H-0 moderated latiices c® slizhtly enriched uranium and
thvoe DQO moderabed labtices of natural uranium rods test the U-2308
hevial and resonance region cavture cross sccevions, in addition to

W
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L U=-C55 and mod2rator cross seccions.  Although the irdrovement

]

be acnlesved 1f tne required reduction in epitherral-to-thermal U-23&
capbures cculd be acccomplished.

Good prediction of criticaelity could thercefore bz achilieved for
the uranyl nitrate solutions and the lattice experiments if epi-

o

re reduced to yield agreement
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I

thermal neutron capture in U-238 we

o

with o measurements. In light of the present evaluation, however,

the required reductions of the epithermal U-238 capture cross sections

-

he beounds established by

L
)

appzar ©o be below

¥
sent differential measurements. Thus, the difficulties =ncouniered
1
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23
03
03
c3
03
03
03
03
03
03
03
03
03
03
03

03
03
03
Q3

Vo~ wmdHwher



102.47
116.32
145.57
1c5.21
186. 8¢
208 .45
237.20
e73.5¢
291,01
311.13
347 .74
377.03
367436
410.18
433,70
54.10
452 .80
477,
£l18.217
£35.,21
£E85.5¢
5754817
534484
€16.3¢
L28 .23
€€J. 60
£G2,.,50
737.9C
T720.53
732,50
1644382
T773.80
TIU 40
82J.3u
£50.6¢C
856410
£66.03
S0+.50
$24.50
$36.60
558,00
GS1.40

RAHN
0.7000E-01
J«3503E=J1
C.84C0€E-03
0.3080E-02
U«1790E 30
0.5600E~01
0.3500€-01
0.286CE=-01
0.1710E-01
3. 1369E~u2
0.EC2CE~C1
0.3700€-02
J.6008E-32
0.1500€E=01
0.8750€-02
0.42C0E-C3
0.45U00E-072
Ja335(FE=42
C.5890€E~01
0.4510E-01
JaTLTIE=-32
0.40G60F-01
0.8510E=-01
C.2750E~-01
U.5260E-02
U« L38JE 4
0.42102=C1
J,2100E-01
Je1340E~02
J.1330€~-0¢
0.8020E-02
0.1&7Q0E=(C2
0.5500€E-02
J65LSE=-TL
0.5510E-01
0.8110E-01
J.500JE=22
0.4%500E-01
0.5730E~02
0.1440€ QO
0.,2030E 00
J.3G00E 00

TABLE )

NORMALIZED ¢-WAVi, NLZUTRON WIDTIS (V)

ROHR
0.7¢58E-01
0.2585E=-21
0.0
0.0
0.1780F 00
0.51€5E-01
0.2753E-01
0.27C0E~C1
0.1698E-01
JeD
0.8€18E=01
0.0
0.6751€E~-02
0.2C66E-01
0.1365E-01

oV oo

58E-~01
36E=01

AN

oCoWwoo

0.4483E-C1
J.8967E-01
0.31¢4E-01
0.0

313008 99
Q.44€2E-01
0.2352E-~Cl
d.0

312E-01
Ec5E~01
270E-01

MOV OOoOCO

200E-C1

vocCaowvoooto
s ® 5 s e & ¢ ® & =

0.13¢¢E 00
0.1504E 00
0.3599E 0J

W

CARRARC
0.722¢F-01
0.2827€~01
0.9252E~-03

" AL22.C_ND
Ue JoJR3LCT UL

0.1757€ 00
€.5506E-01
Je2G11E-01
0.2692E-01
0.1556£-01
Je.l143€~02
0.8690E-01
0.1221E~-02
0.6580E-02
0.2141E-01
0.9579E-)32
0.4762E-03
C.576GE-04
Ve4127€E-02
0.576GE-01
0.4€59E-01
0.7276E-03
0.4584E-01
0.8773E-01
0.3378E~01
0.6%€5E~-02
J.1372E 03
C.4553E~01
0.2208e~01
0.1518€E-02
J.16E3E~-02
0e5509E-02
0.1575€E=02
0.,7173E-02
U.706GE=21
0.67157€=01
0.¢5€3E=-01
0.6861E-02
C.5673E-01
0.1537€~01
0.1507€ 00
0.2225€ 00
0.4200F 00

MALETSK
C.7617E~-01
0.2394E-01
0.5140E-03

N _22LLC_N"D
Ve JLOFCT UL

0.1784E QU
0.5223€-01
0.2538E~-01
0.,2394E-01
0.1784E-01
0.5763E-03
0.8487£-01
C.57S3E-~03
0.5114E-02
0.2176E-01
C.8735E~02
0.0

0.5440€E~02
0.38086=02
0.4570E-01
0.5985E~01
0.0

0.3917€-01
0.1012€ 03
(.3591€-01
C.76175-02
0.1632E GO
0.4352E-01
Ce2116E~01
0.0

0.38083E-02
DeT7617E=22
0.0

C.€6526E-02
J.7181E-21
0.0

0.0

0.5440c-02
«4352€-01

<D

.1306€ 0O
«1415E 00
OO

[= N o N ol &3 o)

ASGHAR
0.7596E-01
0.2992E-01
0.0

J.0

0.1725€ 00
0.6489E-01
J0.3238€-01
0.2689E~01
0.1810€-01
D0

0.7435E-01
0.0

0.6412E-02
0.1843E~-01
J«1019E-J1

[=3

65€E-01
26E-01

(e o]

863E-01
248E-01
303E~01

386E 00
106E-01

COCRUOOLOCOOCOOCUCOWOOOOUWCOoOLTCOO
- .
COOOOCOULLOCOCOLCOOdIh=OWOHOUUICO

ENDF/B-111
0.£650E-01
0.2720E~01
0.€500€E-03

N_2L6YE=ND
Ve IV L LKA

0.1650E 0O
0.5300E~01
0.282)E~01
0.2560E~01
0.1500E=01
C.1100E~0Q2
0.8360E-01
0.1263E-22
0.£63320€~02
0.2060E-01
0.9€03)E-J2
0.0

0.5550E=~02
0.3970E-02
0.5550€E-01
0.452)E-01
0.0

0.4410E-01
J.844)E-D1
0.3250£-01
0.6700E~-02
€.13208 00
0.4383E-01
0.2420E-21
0.1460E-02
0.1590E~02
0.8J0)E~02
0.2200E~02
0.E000E~02
0.£6520E-01
0.£300E-01
D.863J)E-01
€.5700E-02
0.5¢20E-01
J.135)E-J1
0.1370E 00
0.1960E 00
C.3770E 00

DO ~NO NN -



TABLE 5

s~-WAVE CAPTURDE WIDTHS (eV)

RAHN ROHR CARRARQ MALETSKI ASGHAR ENDF/8~111
lu2.+7 J,2800€-01 0.2¢10E-C1 0.2355€-01 0.2600E-01 0.2595E~01 0.2610E-01
116.82 0.2000E-01 0.2430€~01 0.2355E=01 0.230J3E-01 0.2572E~01 0.243)E-01
145457 0.2255E~C1 0.0 0.2355E~01 0.2355E~01 0.0 0.2350E«01
155.21 Q.1800E~-01 0.0 0.2355E-01 0.2355E-01 9.0 0.2350E-01
185,32 J.2703E-01 J.24T70E-01 0.2355€E-01 0.220)E-01 0.2321E-01 0.2470E~01
2G8a46 0.2200E-01 0.2240E-01 0.2355€=-01 0.,2600E-01 0.2149€E-01 0.2350E-01
2371.20 0.2400E-01 0.2450E~-01 0.2255E~CL 0.2600E~01 0.1953E-01 0.2453E~01
273.5¢ Ja23353E-21 J.2310E-01 0.2355€~01 0.2500E~01 0.2391E-01 C.2350E-01
291.01 U.2200E=91 0.2210E-01 0.2355E-01 0.2300E-01 0.2240E~01 0.2350E-01
311.13 0.2355E-01 0.0 0.2355€6-01 0.2355E-01 0.0 0.2353E~01
247474 0.26CCE~-01 0.2350E=-Q1 0.2355E-~01 0.2200E-01 0.2040E-01 0.2500€E~01
377.03 0.2255E-01 0.0 C.2355E-01 0.2355E-01 0.0 0.2350€~01
351.3¢ J42200E=01 0.2823E-01 0.2355E-01 0.23¢5E~Q1 0.2750E~-01 C.3C00E-0L
410.18 0.1E00E~01 0.2260E~01 0.2355E-01 0.2500E-01 0.2661€-01 0,2350E-01
433.70 0.2000E-01 0.2550E~01 0.4355E-01 0.2355E=-01 0.2510E-01 0.265)E=-21
454413 J.2355E~01 0.0 0.2355€E-01 0.0 0.0 0.0
462480 Q.2225E=01 0.0 0.2355e-01 0.,2355E-01 0.0 0.2350E-01
477.00 0.2355€E-01 0.0 0.2355E~01 0.2355E~01 0.0 0.2353E-01
518. 27 0.24CCE=-CL 0.2440E-01 0.2355E=-01 0.2300E-01 0.5120E-02 0, 2440E-01
535.21 0.2300E-01 0.2470E-01 0.2355E~01 0.2300E-0} 0.2930E-01 0.2470E-01
555494 0.2355E~-01 0.9 0.2355€=-01 0.0 0.0 0.0
EI1S.E1 0.,2100E~01 0.2610e-01 0.2355E=01 0.2300E 02 0.2200€E-01 0.2610€~-01
594.E4% 0.2000E~-01 0.2210E-01 0.2355E~01 0.2400E=-01 0.2179E-01 0.235)E=91
€15.75 J.150uF-031 J.2460E~01 0.2355E-01 0.2400E-01 «2210E-01 0.2460E-01
626425 0.22355E=01 0.0 0.2355E-01% Q.2355E-0% 0.0 0.2350E-01
660.90 0.2300E-01 0.2600E-01 0.2355E=01 0.2200E~01 0.2512E~01 G.260)E~-01

L £62.6C C.2200E-Q1 0.2410E=-C1 0.2355€-01 0.2400E-01 0.2020E~01 0.2410€E-01
707,79 0,2100E-01 0.2850E-01 0.23556-01 0.26008~-01 0.0 0.2850E-01
T2ue S Je2355E=-01 0.0 0.2355E=31 0.0 G.0 C.2350E~01
732429 0.2285E=~01 0.0 0.2355E~-01 0.2355€E-01 0.0 0.2350E-01
Tha 30 0.1700E=01 0.0 0.2355E~01 0.23556-01 0.0 0.285)E-01
T78.83 Je2355E~01 0.0 0.2355E-01 0.0 0.0 0.2350E=-01
790 .49 0.,2255E-C1 0.0 0.2355E-01 0,2355E-01 0.0 0.2850E-01
£€20.90 0.2000&~01 0.2602€=-01 0.2355E~01 0.2400E-01 J.0 0.263)E-01
€50.60 G.2200€E~C1 0.3060€~01 0.2355€-01 0.0 0.0 0.3060E~01
85c.10 0.2300E-01 0.2360E-01 0.2255E-01 0.0 0.0 0.2350€-01
£E66.00 5.2355E~01 J.0 J.2355E-01 J«2355E-31 0.0 0.2350€-01
SU+.5C 0.2200t~01 0.2680E-01 0.23558-01 0.2500E-01 0.0 0.2680E-01
G24 450 0.2500E~01 0.0 0.2355E=01 0.0 Jo0 0.2350€-)1
G36.63 J.2530E-21 0.2360E-01 0.2355E~01 0.2400E~01 3.0 0.2350€E-01
558,00 T 0.,21006-01 0.2270E-C1 0.2355E-01 0.2200E-01 Q.0 0.2350E-01
GS1.40 0+3000E~-01 2.3370e-01 042355€E=31 0.9 Q.0 €.3073E~-D1



1J2.47
116.32
145.57
1¢5.21
187.8u
208446
237« 20
273.5¢
291.21
311,13
347,74
377.433
367.35
410.18
433.7¢C
434410
462481
477 .00
518.27
535.21
555.90
575.67
594.84
£19.73
£28.273
€60.98
£92.60
YN
720.94
732.50
7€6448C
778.80
75J.40
820.90
€50.00
856413
boé .00
604.50
€c4.50
936.60
S38.03
691.4C

RARN
Je7739E 21
0.3E14E C1
0.1565€ 00
J.3S43E %)
0.26€3E Q1
Q0.1507€ 01
0.1C35E 01
0,668 00
O.4646E 52
0.4285E~0C1
0.6640F 00
2.2683E-01
0.1lc21t QC
0.2246E Q0
C.1223€ Q0
0.63%14E-02
0.7213E~01
O0.4€S3E-C1
0.2451E 0O
Je2174% (9
0.50832E=0¢
0.1687€ 00
0.1871E 00
0.1203E 00
0.4454E~01
0.2243E QC
0.1231E QO
J.6508E~91
0.5576E=02
V.7870E=Q2
0.2810E=C1
O.luElE=-Q]
J.3338E-01
0.6z81lE~C1
0.9171€-01
Je66G7E=01
0.22495E=01
0.758%9E=01

«32E1E~-C1
0.5530E-01

J.E4TIE-QL -

0.1156E QO

TABLEL 6

s-WAVE CAPTURE INTLECRALS (BARNS)

ROHR CAKRARQ MALETSKI ASGHAR
J.7561€ D1 0.6906E 01 0.7555E Ql 0.7512¢8 01
0.400¢€E C1 C.3846E O1 0.3510E 01 0.4139E 0Ol
0.0 0.1718€ 00 0.1652E 00 J.0
2.0 0.4001E Q0 D.4285E QO 0.0
0.2467E Q1 0.2361E 01 0.2230€ 01 0.2327€E 01
0.1470E Q1 D.1553€E 01 J.1634c 01 0.1518¢ 01
0.S6414E 00 0.9451€ 00 0.9991E 00 0.8847E 00
0.6801E 00 0.€361E 00 C.£€65E 00 0.6914E 00
J.47133E Q0 D.4536E 00 0.4646E 00 1 0.4840E 00
g.0 0.4604E=01 0.3957€=01 0.0
0.6242E QO 0.€265E 00 0.5896E 00 0.5411E 00
2.0 0.3627E=01 0.2705E~01 0.0
0.1377 Q0 0.1330€E 00 0.1084%E 00 0.1416E 00
0.2645€ 00 0.2725E 00 0.282J)E 00 0.2646E 00
0.164S9E 0C 0.1520E 00 0.1376E 00 0.1573€ 00
0.0 0.S$305E~-02 0.0 0.0
0.9 J,8833E~01 0.E350E-01 %.0
0.0 0.6276E-01 0.5833E~01 10.0
0.2521E 00 0.254¢E 00 0.2323€ 00 0.7078E-01
J.22838 Q0 0.2239E 00 0.2363E 00 0.2642E 00
0.0 0.5334E-02 0.0 0.0
0.2005€ 00 0.1891E 00 0.4742E 00 J.1841E 00
0.2123E Q0 0.2145E O¢ 0.2242E 00 0.2037E QO
0.143%3E 00 0.1477€ €O 0.1525%E 00 2.1760€E 00
2.9 0.5564E~013 0.5G648£6~01 0.0
0.2027€ 00 0.18BLE OC 0.1809¢ 00 0.1883¢€ 00
0.13232€ 0Q 0.1321€ 0C 0.1313E Q0 0.1153E 00
J.1LO51E 00 V.S508E-01 0.9637E=01 0.0
0.0 0.1120E-01 0.0 0.0
0.0 0.1178E-01 0.2495E=-01 J.0
0.0 0.3118E-01 © 0.4000E-01 0.0
0.0 0.122¢E~-01 0.0 0.0
3.0 0.3593E-01 D.3232E~01 0.0
0.106SE Q0 0.1070€E 00 0.1089E 00 0.0
0.1142E CO 0.5E51E~01 0.0 0.0
D.1024E 00 J.1054E 00 0.0 0.0
0.0 0.2891E-01 0.23593E-01 0.0
0.8822E~01 0.8384€~021 0.78%3E-21 2.0
0.0 0.4388E~01 g.0 0.0
0.93¢€8E-41 0.5482E-01 0.5402E-01 c.o0
0.3023E=01 3.9470E-01 0.8447E~D1 3.0
0.1176€ CO 0.5269E-01 0.0 . 0.0

ENOF/B=111
0.7371E 01
0.3840E 01
8.1654E 00
0.4445E 00
0.2451E 01
0.1533E 31
0.9520€ 00
0.67303E 00
0.4427€ 00
0.4437E-01
0.6506E 30
0.3444E~-01
0.1352E 00
J«2668E 00
0.1528E 00
0.0
€.8557E-01
0.6071€E-01
0.2580E 00
0.2280E 00
0.0
G.1983E 20
0.,2123€E 00
0.1490€ Q0
0.5357e-01
0.2032€E 00
0.1324€ 00
C.1C68E 00
0.1080E-01
0.1136E-01
0.4363E~01
0.1354E-01
C.4CE2E=~OL
0.1126E 00
0.1169E d0
0.1030€E 00
0,2497€E-01
0.9052E-01
0.4170€-01
0.9339€-01
0.9232€-01
0.1180E 00

OOdrWm S W



TABLE 7

s-WAVE PEAK CAPTURE CRCSS ZECTIONS (BARNS)

RAHN ROHR CARRARQ MALETSKI ASGHAR ENDF/8-111
102.47 0.S1E5E 04 0.4810€E C4 0.4706€E 04 0.4823E 04 0.4816E 04 0.5036E 04
116.32 0.51857E 04 0.5506E 04 0.5822€ 04 0.5565€ 04 0.5535E 04 0.5549E 04
145.51 Je5547E 03 2.0 0.6504E 03 0.£421E 03 0.0 C.£266E 03
l65.21 0.1CS€€CE C4 0.0 0.1787c 04 0.1683E 04 0.0 0. 1739 04
189.30 0.1562E 04 0.1465E 04 0.1421E 04 0.1342E 04 0.1435€E 04 0.1528E 04
208.49 J.24T)E O4 0.2634%E 04 J.2620E 04 0.2772E 04 0.2333E 04 0.2¢58E 04
237.20 0.2¢48E 04 0.2733E 04 0.2712E 04 0.2729E 04 0.2574E 04 0.2729E 04
273.5¢ 0.2348E 04 0.2364E 04 0.2368E 04 0.2375E 04 0.2370E 04 0.2373E J4
251.01 0.2201E 04 0.2186E 04 0.2145E 04 0.2199E 04 , 0.2213E 04 0.2129€ 04
311.13 0.3449E 03 0.0 0.36G4E 03 0.3201lE 03 0.0 0.35%3€E 03
347.174 0.1384E Q4 0.1260E 04 J.1254E 04 0.1223€ J4 2.1265E 04 0.1226E 04
377.C2 0.2¢23E 02 0.0 0.3497€ 03 0.2647E Q3 0.0 0.3337€ 03
357.35 0.1103€E 04 0.1091E 04 0.1118E 04 0.5565E 03 0.8164E 03 C.542JE 23
410.18 J. l585E J4 J.1584E C4 J.1583E 04 0.1577€ 04 0.1534E 04 C.1580E 04
433.70 0.1271E Q4 0.122€E 04 0.1253E 04 0.1180E 04 0.1232E 04 O0.117LE 04
454.10 0.1010€ 03 0.0 0.1119E 02 0.9 0.0 C.0
4€2.8C 0.757€6E 02 0.0 C.8883E Q3 0.8551€ 03 0.0 0.8686E 03
477 .00 0.5249E 02 0.0 0.6505E 03 0.£507€ 03 ;0.0 0.6729E 03
E1€.27 J.1109F Q=4 0.1JG65E @4 0.1034E 04 J.11175 04 0.4188E 03 0.1065E 04
535.21 0.1088E C4 0.1110E 04 0.1082E 04 0.9736E 03 0.1132E 04 O.1111E 04
565.90 0.1325E 03 0.0 0.1361E 03 €.0 0.0 0.0
5715.61 J.1006E 04 0.1044E 04 0.1006E 04 0.7609E 01 0.9626E 03 0.1048E 04
594 .84 0.6743E€ 03 0.7117€ 03 0.7300€ 03 0.6782E 03 0.6752€ 03 0.7453E 03
€16.75 0.10128 04 0.1034E 04 0.1016E Q4 0.13C07€ 04 0.1050E 04 0.1033E 04
628429 0.clE4E (2 0.0 0.7295€ 03 0.7642E 03 0.0 0.7150E 03
660.30 0.5€52€E 03 . 0.5470E 03 0.4623E 03 0.4116E Q3 G.5192E 03 0.5413E 03
- €£52460 J.E466GE 33 0.8554E 03 0.8440E 03 J.8564E 03 {.8302E 03 0.8601E 03
7C7.5C 0.51G3E 02 0.51C8 €3 0.9191€E 03 0.9107€ 03 0.0 0.5131€E 03
720.50 0.183GE 03 0.0 0.2C53E 03 0.0 0.0 0.1687€ 03
132.58 Js1490€E 03 J.9 0.2179€ 03 0.4256E 03 0.0 0.2111€ 03
764 .80 0.7413E 03 0.0 0.5227E 03 0.6267E Q3 0.0 C.5E823E 03
778.80 J.2067E 03 0.0 0.2384E 03 Jed 2.0 Ce2614E 03
730.40 0.5276F €2 0.0 0.5889E 03 0.5586E 03 0.0 0.5632E 03
82090 0.57J€E 02 0.6676E 03 0.5638c 03 0.5946E 03 0.0 0.6452€ 03
€5C.60C 3.6359E 03 J.6G10E 03 0.5860EF 03 0.0 J.0 C.6751E 03
85L.1C «S234E C2 0.5251E 03 0.4820E 03 0.0 0.0 0.5114E 03
E66 .00 O.42342E 02 0.0 0.52417€ 03 C.4567¢ 03 0.0 0.4713€ 93
ERETRTY J.EL55E U3 J.64538 03 J.5874E 03 0.6€51E 03 0.0 0.£286E 03
924 .50 0.5¢7S€E 03 0.0 0.€654E 03 0.0 0.0 0.6569E 03
$30.60 0.3503E 03 U.3489C 03 0.3246E 02 G.3636E 03 0.0 0.3471E 03
€58.00 0.230%% 03 0.25€84E 02 0.2350€ 03 0.3159E 03 0.0 0.2565E 03
931.40 0.1742E 03 U.1901E Q2 0.1320E 03 Q.0 0.0 0.1827€ 03

WD WO UL W



luz.47
116.82
145457
1£5,21
185,30
208446
237,20
2730 St
291.01
311412
347.74
377.03
3574356
410.1¢
433,70
454413
4€62.30
477.00
518.21
535,21
555430
579.87
5G4 .64
€16.15
E2E.25
00490
£524513
797 .30
720450
722.50
764 .80
176481
760,40
820,90
E5U. 63
856.10
8L6.00
€ 34450
924430
S536.60
S58.00
$61.40

RAHN
O0.1€15E

0.1418¢E
{.6158E
0.2202€E
0.116G2E
0.50¢5E
0.6510E
3.52G69E
0.3512¢
0.3604E
J.5653E
0.2731E
U+ 1404E
0.3256E
0.1827E
J.1328E
0.6C24E
0.6<58E
G«3366E
0.3221E
0.1365E
0.2¢%¢¢E
0.3544F
J3.24G9E
0.7565¢&
0.3255E
De2468E
Q.1836GE
0.1944E
0.1558¢E
0,1091€E
U0.2213E
0.EECEE
0.2425E
J.2156E
0.2369E
0.5264E
0.1¢8¢E
0.7889E
J.2368E
0.24€3E
0.2438E

s-WAVE PEAK TOTAL CROSS

TABLL 8

SECTIONS (BARNS)

FCHR
0.186¢E
0.1228¢
0.0
0.0
J.1206E
0.8710E
0.5304¢E
J.5128¢
0.37¢3E
0.0
0.5881E
0.0
0.1383¢E

0.3440E
J.2363¢E
0.0Q
0.3281E
J.2439E
0. 1662E
0.0
0.0
0.0
0.0
0.0
0.2211E
0.2002E
0.23¢5€
0.0
0,13867E
0.0
0.2368E
0.2426€E
0.2418E

05
04
04
24
04
04
04

C4
04

04
04

04
04
04

04

04
04
04
04

04
04

CARRARQ

0.1514E
O0.1c1cE
0.6759E
0.2085E
J.1211E
0.8749¢
0.6063E
J.5015E
0.3566E
0.3E73E
0.5890€E
C.3654E
J.1430E
0.3022¢
0.1784E
J.1142E
0.1106E
0.8115€E
0.3567E
0.3240E
0.1403E
0.2S65E
0. 3449E
0.247%5E
0.5453¢
0.33¢€1E
0.2476E
0.1€20¢E
0.2185E
0.2332E
0.€450E
Ve2584E
0.7683E
0.2376E
J.2267E
0.,24353¢E
0.6775E
0.2052E
0. 1058k
0.2402E
0.2455E
0.2485€

05
0s
03

MALETSKI]

0.1895E

C.1136E
0.6671E
C.1916E
0.1223E
0.8340¢E
0.5812E
Je4645E
0.3906E
0.3334E
0.5939¢
0.2757¢
0.1167E
0.2950€E
0.1€17E
2.0

0.1053E
C.7559E
0.3337¢E
0.3507E
0.0

0.7622E
0.3538E
0.2513¢
0.1011€
Ce3465E
0.2418E
0.16173E
0.0

0.4944¢E
0.8294E
0.0

0.7134E
C.2374E
0.0

0.0

0.5€22E
0.1823E
0.0

0.2342E
0.2347E
0.0

05

04

04
04

03
03

03
04
03
04

04

DOUOLOOOLCOOLODGLO

ASGHAR

0.1891E
C.1168E
o.o
0.0
D.1210E
0.9379E
0.6843E
0.5036E
0.4000E
0.0
0.5873¢
0.0
2.5560E
Q.2597E
Q.1732E
.0

073E

LCOoOOoOGOC O

.0
0
«4561E
l3
'0

0.3090¢E
0.3541E

EEEEEEEREE R
COO0OOOLOODOLOOOO

05
a5

05
04
04
04
04

04
03

04
0%

EhDF/B—!fI

0.1E45E
0.117AE
0.6524E
0.1990E
C.1163E
O.E6S54E
0.5870¢
0. 4SE4E
0.3488E

D.374)F

C.57€2E
0.3516E
D.1141€E
C.29€4%E
U.1565E
C.0

0.1074E
C.7865E
0.3483E
0.3145E
0.0

0.2820E
0.3422E
0.2351€
0.5189E
0.3250¢E
0.2423E
0.1683E
0.2111E
0.2233E
0.7457E
C.2859E
0.7212E
C.2266E
0. 2051E
0.238%¢E
0.5862E
0.1547¢
0.1045E
0.2271E
0.2424E
0.24217E

05
05
03
04
35
04
04

—
C OO~ NP N —

-
N -
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SUMMARY OF s-WAVE RIESCHALCEHES

Suantity ELDF/3-T1I1% ZNDF/B-1T
of resonancesg 189 1380
T.>, meV 23.5 25.5

0-1 keV 1.002 1.005
1-2 keV 1.083 1.109
£-3 keV 1.119 1.122
3.1 kxev 0.97h 1.013
0-% keV 1.045 1.062

0-1 keV 20.0 21.3
1-2 keV 20.5 21.3
2-3 keV 18,09 20.8
-0 keV 20.52 20.8
0-% kxaV 20.1 21.05

* From

Reference 8.

0-1 keV 259.77 269.3
1-72 keV 1.15 1.1
2.3 keV 0.15 0.4
3-1 kev 0.25 0.2
0-" keV 271.82 271.1

O LUTUT 70—~



DATA FOR LVALUATICLK 0T P-WAVE RESCNANCES

}..J

n)

(UV]

=

4
/

{

lal

. Bollinger and G.

L

Rzhn, et al. - Transmission, Self-Indication, Capture (0-4% keV)

de Saussure, et al. - Capture (0-" kaV)
B. Garg, et al. - Transmissicn (0-4 keV)

W. Glass, et al. - Capture (30-2050 eV)

- Thoma=z - Transmission (J-174

av)
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TABL: 1°

SUMMARY OF P-WAVI RESCNANCES

Quantity ENDT/B-I1I LHDE/3-TIV
No. p-Wave Res. 253 220

Sy, 107" (Below 500 eV) | —- 1.59

barns (p-Wave Res)

)

'\{’
0 - 1.0 keV 0.403 0.369

H

A
c O O
!

- 2.0 keV 0.105 0.108

3.0 keV 0.036 0.050

()

- 4.0 keV - - 0.033 0.03%

0 - 4.0 keVv 0.578 0.561

TABLE 13

BACKGROUND CROSS SECTICHS BZT A=zl 0.52 AND 4.0 keV

o O O
Gul o
\J

=t
(2

.
nN)
"D

)
\ DY

n
}_.l
(@
(@]
(@] O (@) (@] O o (@] O
' .)
~l
(@ (&) (@] (@] @) (@] O (@
}.)
ny

;..
-
N

(@]

Ly

(1D

1

(@]

¥

<
e
(@]
]

1

\Jl

(9]

}__!

-1

}..J



H\T
STV

AT RTT
(OFA RN

aReIN
Ui

Kefs

RITICALITY
ANC

~
()

heres of uranyl n

D

51

\

“,\,..,4..
N Luaviitaas

S

W0 O et 1y e A
N =1 {2 oy
(O NN cD N CoC N
N [GAREAY (NS CONENNEN
o [ON® oD O OO
) IO (R IEAEN tNCL 0
U~ NED ey €N
N ON Ty fe-( ST
(N [OARIAY [EAEFAY [SA R AREAY
O o O DR OO D
10\
[N hY
AN
OO
MDD O o
MVONQ O LD [DAREE:
ONOYCNONON =N
IO YOO (NN
QOO OO OO
cO\D — =-\D
O - OO
COCo CICO
NN ONIYON
OO O OO
oY oy~ Q¢
WO M=- oD N
NN O O
ONYOYONOYON OYN
oNoRONOXS OO
[ Rea)
=+
=CD
NN
DO
g8 832
(GO IO ERG NG 9} [
0] @
YO O LY Q Q
ANACONOYONH o o
IOV O + +2
. . . . . 40 4D
Ee o\ 3
IO A —
I R A L 1 ERE VA
[vlisalanlisaian - Ly Qo ) R CA
YO . e e
cnenensnea T e e S O
O~ (¢ QU = ] GRS
~D-oDl—oy 42 42
oy = O Oed a3 It H a3 o
o~ =l ‘. fez
[ER T TR I [ 1 C} = eyt
TaYtaYlaYiaYioWe: Dow 3 W
DN Q 33 Q sl B
Qo U QU QY = Ty \LW = b [y \‘;‘-e
5 L o NN 5 SN
DDDQ oSy I LES A 1
SSNONONIONS G 0 Q R R IS
pjiesissiiesiien] T R Lan] RIS
L9
(o (Yo o o [ G
I B [ (B B [



Nu‘.,,\-;o
Je
Tae
ooy
O .

!
Q)
O

RIS

MO

WL

TR

it T

ONY

o0 CenT

LT e P e T
Zheto

e Ladido. o

CE4t0 T-I1M

C
HMM.H T tT T

- aoaetad

EV YT

(T1I-9/4CN%)

HORRGANTN

i

~HONTE

(S SR G



IGURE 1

I3
CRELA Captu

casurements

I

(24

1

(A®) AOYINI

OF~

(074

0s

— 00¢

— 00S

- 00Ok
— 0002

_..WM»
¥

#

G I

|

0S
— 00t

— 002

008
O -

— 0§
— 00

005

— 000
— 0002

(0140 9juoly) S4ejdWDIDd TM-8/JAN3

(V1340) o 8 ‘aunssnog ap g

N

=]

(Z/‘/\a +$UJ0G ) Z/,J‘




